Recent enzyme studies on Friedreich's ataxia suggested that an alteration in carbohydrate metabolism involving the direct oxidation pathway and also a change in the regulation of phosphate were taking place in the spinal cord (Robinson, 1966a, b). In a study of five cases of MND, alterations in oxidative enzyme and phosphatase activities were demonstrated in glia cells of the spinal cord white matter (Robinson, 1966c) . In this study the breakdown in metabolism within affected tracts of the spinal cord has been further investigated. Dissection of the affected and unaffected areas of the spinal cords and examination of the chemical composition and integrity of the molecular complexes involved have suggested further changes in the degenerative processes taking place in these regions.
This communication reports a comparison of the chemical constitution of affected and unaffected regions of white matter in the spinal cords of Friedreich's ataxia and motor neurone disease (MND). Friedreich's ataxia is a member of the heredo-familial spino-cerebellar diseases, the mode of inheritance being mainly recessive. Most cases of MND in Europe have no family history (Spillane, 1962) and the duration of the disease is shorter than Friedreich's ataxia. Little is known ofthe aetiology of the diseases, but in both conditions specific tracts of the spinal cord are involved.
Recent enzyme studies on Friedreich's ataxia suggested that an alteration in carbohydrate metabolism involving the direct oxidation pathway and also a change in the regulation of phosphate were taking place in the spinal cord (Robinson, 1966a, b) . In a study of five cases of MND, alterations in oxidative enzyme and phosphatase activities were demonstrated in glia cells of the spinal cord white matter (Robinson, 1966c) . In this study the breakdown in metabolism within affected tracts of the spinal cord has been further investigated. Dissection of the affected and unaffected areas of the spinal cords and examination of the chemical composition and integrity of the molecular complexes involved have suggested further changes in the degenerative processes taking place in these regions.
MATERIALS
Spinal cord was obtained at necropsy from seven pathological cases and four controls. Patients with Friedreich's ataxia, durations of the disease, storage before necropsy (in parentheses) and regions of the cord analysed were: Case 1, male age 30 years, duration 13 years, (14 hr) thoracic cord; Case 2, male age 24 years, duration 11 years, (6 hr) thoracic and lumbar cord; Case 3, female age 67 years, duration 32 years, (16 hr) thoracic cord. The patients with MND were: Case 4, male age 21 years, duration 13 months, (9 hr) cervical cord; Case 5, female age 56 years, duration 22 months, (11 hr) lumbar cord; Case 6, female age 54 years, duration 22 months, (9 hr) lumbar cord; Case 7, male age 62 years, duration 24 months, (13 hr) lumbar cord. Control spinal cord was from five cases having no evidence of neuropathological involvement of the brain-stem and cord. Differences between control and pathological material due to post-mortem changes were minimized by using controls of similar ages and subjected to the same conditions at necropsy. Material was rapidly frozen, stored at -25°for the minimum of time to reduce enzymatic action, and analysed.
METHODS
Cylinders of white matter of the spinal cord were removed with a thin-walled capillary tube at 120 from affected posterior and lateral tracts, and also from the unaffected anterior regions of Friedreich's ataxia cases. Cylinders of tissue were removed from the affected lateral tracts and unaffected anterior and posterior areas of the MND cases. The same regions were removed from normal spinal cord. Weighed portions of dissected tissue were dried to constant weight in a vacuum dessicator for dry weights and the remaining fresh tissue treated for extraction of cholesterol (free and esterified), phospholipids, proteolipids, chloroform-methanolinsoluble proteins, and free amino acids.
EXTRACTION PROCEDURES Chloroform, phospholipids, and proteolipids were extracted according to Folch, Lees, and Sloane-Stanley (1957) . Cholesterol (free and esterified) was estimated by the method of Sperry and Webb (1950) and the four phospholipids, separated by thin layer chromatography, were estimated forphosphorus content according to Bartlett (1959) . Proteolipids in the lower organic phase of the partitioned chloroformmethanol extract were purified as described by Lees, Carr, and Folch (1964) , deproteinized with 10% TCA, the protein material washed successively with 95% ethanol and chloroform-methanol (2:lv/v), dried with ether, and the amino acid content estimated as described elsewhere (Robinson and Williams, 1965) . Soluble proteins in the upper aqueous phase of the partitioned chloroform-methanol extract were deproteinized with 10% TCA, washed, dried, and analysed for amino acid content as for proteolipid-protein. Free amino acids were extracted and estimated quantitatively as previously described (Robinson and Williams, 1965) . Three 30 separate preparations, analysed in triplicate, were conducted on normal and pathological material.
RESULTS
The spinal cord white matter mean values of total and free cholesterol, phospholipids, proteolipidproteins, insoluble and soluble proteins, and free amino acid profiles for the five controls and pathological tissue are shown in Tables I, II and III. A comparison of control results with other investigations on normal white matter show that cholesterol was lower than reported by Brante (1949) (Table III) .
In two ofthree Friedreich's ataxia cases cholesterol levels in the lateral corticospinal and posterior tracts were low and all three showed minor esterified cholesterol; the levels in MND tissue were normal (Table I) .
Total phospholipid-phosphorus content in the affected posterior tracts of two Friedreich's ataxia cases showed differences from the control levels but no one phospholipid was significantly raised. The total phospholipid in all MND cases appeared normal.
Two (Dixon, 1954; Rubinstein and Smith, 1962 (Robinson, 1966a, b, c) (Tallon, 1962) but no evidence of such a deficiency has been reported in the two pathological conditions. Alterations in the profile of free amino acids in these disorders may be due to two factors: (1) artificially raised amino acids are known to restrict the passage of some other amino acids into the brain; (2) the amino acid abnormalities may have resulted from changes in composition of the blood at the terminal stages, which in turn produced alterations in amino acid flux and the exchange rates between protein uptake and the amino acid pool (Lajtha, 1964) . The differences were, however, dissimilar in character and magnitude to those in necropsy brains of infants with maple syrup disease.
SUMMARY
The lipid, proteolipid, protein, and amino acid composition of affected regions of white matter in the spinal cords of cases of Friedreich's ataxia and motor neurone disease are compared with adjacent unaffected regions and normal spinal cord.
Two changes seen were (1) the affected regions in both diseases showed lipid lost from proteolipids, the protein residue retained as insoluble protein; (2) the free amino acid content in affected tracts of the spinal cords in both conditions showed changes in glutamine, aspartic and glutamic acids. Possible factors in the metabolism of the spinal cord effecting these changes are discussed.
